FiJ 



20 



10/070847 



PROCESS FOR PRODUCING ROTATIONALLY SYMMETRICAL 
QUARTZ GLASS CRUCIBLES AND DEVICE FOR IMPLEMENTING SAID PROCESS 

5 The invention concerns a process for producing rotationally symmetrical quartz glass 

crucibles where an electric arc is produced by means of an arrangement of electrodes comprising 
one or more anodes and a cathode, thereby heating a wall or a portion of a wall of a rotating 
quartz glass crucible. Furthermore, the invention concerns a device for implementing the 

U process. 
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□ A process and a device of the above kind are frequently used in the trade because they are 

m 

a " very economical. A melt form is rotated and partially filled with Si0 2 granulate which may be 

L natural or synthetic. A preform of the final quartz glass crucible is made from the granulate 

H during the rotation by means of a template. Thereafter an electric arc is ignited by means of an 

[ J5 electrode arrangement and is guided at various levels along the rotating wall of the quartz glass 



crucible whereby the quartz glass granulate is melted into a glassy wall in the shape of the quartz 
glass crucible. Once the quartz glass crucible cools off its final shape is already present and the 
inner side of the wall is vitrified, while the outer wall is still coated with Si0 2 granulate which is 
then removed by rubbing or polishing. The outer side is not vitrified. 

Such a process is the subject of DE 197 10 672 Al which additionally concerns 
producing a layered structure having special properties by means of pouring in Si0 2 granulates 
containing additional components. 




A fundamentally important aspect of the process is maintaining of rotational speed of the 
melt form which is determined in particular by the geometric dimensions of the quartz glass 
crucible, because the Si0 2 granulate is kept in the shape formed by the template by centrifugal 
forces. An inadequate rotational speed and the corresponding low centrifugal force will have the 
5 result that loose Si0 2 granulate cannot be held in the desired position and will partially slip to the 
bottom of the melt form. Conversely, a high speed of rotation leads to an outward displacement 
of the bottom layer of the quartz glass crucible and its rupture. The speed of rotation is therefore 

y A variable only to a very limited degree. 
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CJp Therein lies the disadvantage that a sufficiently high and even heating of the wall, 

especially in large crucibles, can only be achieved by operating the electrode arrangement at high 
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heat output rate. However, this can result in vaporization phenomena and bubble formation 
during the pouring of the Si0 2 granulate, significantly reducing the quality of the final product. 
Moreover, the buildup rate of the inner layer is reduced (due to higher vaporization). In addition, 

rii 

15 partial heating of a section of the rotating wall causes a cooling phase which corresponds to the 
duration of a complete revolution until the section of the wall returns to the heating zone, and its 
duration results in great temperature variations and therefore in reduction of quality, especially in 
cases of slow rotation and large-diameter crucibles. 
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Before this background the object of the invention is to develop a process of the kind 
described at the onset in such a way that temperature differences can be substantially reduced 
independently from the rotational speed of the quartz glass crucible in order to largely eliminate 



especially the undesirable vaporization and bubble formation due to strong heating or cooling. 
Moreover, a device for the implementation of the process is to be created. 

The first object is achieved in accordance with the invention in that at least one additional 
electric arc is formed by at least one additional electrode arrangement comprising one or several 
anodes and a cathode so that an additional section of the wall of the quartz glass crucible is being 
heated. Each individual electrode arrangement can be thereby operated at reduced heat output. 
Vaporization, especially during the pouring in of Si0 2 granulate, can be largely eliminated. 
Additionally, at a geometrically predetermined speed of rotation, it is possible to substantially 
shorten the duration of the cooling phase until a given section of the wall is again in the next 
heating zone of the next following electrode arrangement. The actual temperature differentials 
are thus considerably reduced. At the same time, the thickness of the inner layer created by the 
pouring in of SiC>2 granulate can be increased, while in addition, that portion of the Si0 2 
granulate which vaporizes at the higher heating rates of the prior art is now available to a greater 
degree for the creation of the inner wall. The added expense of evacuating the vaporized 
components of the Si0 2 granulate is also eliminated so that a nearly complete automation of the 
manufacturing process becomes possible. Furthermore, the duration of the manufacturing 
process is also reduced, leading to a better utilization rate of the equipment and a greater 
efficiency. 

A particularly advantageous development of the process is achieved in that the electrode 
arrangement heats different sections located at a distance from one another in the direction of the 
rotation of the quartz glass crucible. A large-surface heat transfer is achievable by means of 




electrode arrangements provided therefor at different vertical positions, thus shortening the 
manufacturing process. At the same time, more even heating of the quartz glass crucible is 
achieved, together with a correspondingly improved quality. 



5 The second object, to provide a device for producing a rotationally symmetrical quartz 

glass crucible through zonewise heating by means of an electrode arrangements provided for the 
creation of an electric arc and comprising one or several anodes and a cathode while the crucible 
i , is rotatable about its rotational axis, is achieved in accordance with the invention in that in 

o 

p addition to the first electrode arrangement the device is provided with at least one additional 

CDo electrode arrangement comprising one or several anodes and a cathode, inclined toward the 

CO 

section of the quartz glass crucible which lies opposite the first electrode arrangement. In this 

s 4 

L way the temperature of the quartz glass crucible can be kept at a relatively high level 

y, independent from the speed of rotation, so that any temperature differences are substantially 

q smaller. A surface section, especially a wall or floor section heated by the first electrode 
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15 arrangement, reaches the heating zone of the second electrode arrangement after only small 
angular travel while the individual electrode arrangement may be operated at a reduced heat 
output rate. The reduced vaporization resulting therefrom permits on the one hand the 
elimination of additional measures for the evacuation of the vaporized components, and on the 
other hand increases the usable portion of the poured Si02 granulate so that a faster buildup of 

20 the inner layer and a considerably higher density is achieved. Furthermore, a substantially 

bubble-free inner layer is created making higher quality requirements easily achievable. At the 
same time, the number of rejects among quartz glass crucibles produced in this fashion and the 
duration of the manufacturing process are reduced, which results in an improved efficiency of 



the manufacturing process. In addition, significantly larger crucible diameters can be produced 
than was possible heretofore by means of the prior art. 

A particularly advantageous embodiment of the invention is provided in that the electrode 
arrangements are disposed in different positions at a distance from one another in the direction of 
the rotational axis of the quartz glass crucible. In this way, a large-surface heating of for 
example a portion or of the entire wall surface of the quartz glass crucible is possible in order to 
achieve an even heating. In addition to an increase in quality this also leads to a reduced 
duration of the manufacturing process and with it, to a lesser manufacturing expense. 

It is also especially useful if the electrode arrangements are movable independently. This 
enables an optimal adaptation to the various crucible shapes by means of a correspondingly 
adjusted distance from the wall. The quality attainable by the device can be therefore improved 
further, and, without altering the construction of the device, it is possible to manufacture 
especially costly shapes that deviate from the simple pot or cylinder shapes of quartz glass 
crucibles and have for example larger diameters as well. 

In a further development of the invention particularly well suited therefor, the electrode 
arrangements are evenly distributed in relation to the periphery of the quartz glass crucible. The 
cooling phase of a wall section between two sequential heating zones of the different electrode 
arrangements is determined by the geometric dimensions, including the resulting rotational speed 
of the quartz glass crucible, and is thereby kept constant so that undesired temperature 



fluctuations can be avoided. The device equipped in this way therefore leads to further quality 
improvement. 

Another advantageous variation of the invention is given by providing at least one 
electrode arrangement with a SiC>2 supply means while at least one additional electrode 
arrangement is provided exclusively for heating. A simplification of the device and its control is 
achieved thereby, with one electrode arrangement being used exclusively for the heating of a 
wall section while Si0 2 granulate is poured into the electric arc of a further electrode 
arrangement, building up an inner layer of the quartz glass crucible. 

The invention permits various embodiments. In order to further clarify the invention's 
basic principle, one of the embodiments is represented in the drawing and is described below. 
The drawing shows in a side view a melt form 1 with a quartz glass crucible 2 inserted therein 
and designed as a crucible. Positioned above an opening 3 of the quartz glass crucible 2 is a 
device 5 provided with cooling body 4 in the form of a cooling plate. A first electrode 
arrangement 7 and a further electrode arrangement 8 extend through the device 5 into an inner 
space 6 of the quartz glass crucible 2. The said electrode arrangements 7, 8 are each provided 
with one or several anodes 9 and a cathode 10 and after the ignition of an electric arc each 
creates a heating zone 11, 12 in the area of a wall 13 of the quartz glass crucible 2. A section 14, 
15 of the wall 13 is heated in the said heating zones 11, 12, with the heating duration of the 
respective sections 14, 15 determined by the speed of rotation of the quartz glass crucible 2, 
which is rotating about a rotational axis 16. The rotational speed is in turn defined especially by 
the geometry of the quartz glass crucible 2 because the SiC>2 granulate, at first lying loosely 




against the melt form 1 and forming the subsequent quartz glass crucible 2, is kept in a shape 
created by a template only by centrifugal force during the rotation. An excessively high 
rotational speed of the quartz glass crucible leads to an undesirable outward displacement of the 
Si0 2 granulate especially in the floor region of the quartz glass crucible 2, while on the other 
5 hand a too low speed of rotation results in a slipping of the granulate toward the bottom. The use 
of two electrode arrangements 7, 8 therefore shortens the cooling phase of section 14, 15 
between the respective successive heating zones 11, 12 thereby reducing the temperature 
|.i differentials of the wall 13. At the same time the heat output of each individual electrode 

h 

Q arrangement 7, 8 can be reduced so that any vaporization of the poured Si0 2 granulate 
?ijb components is minimized and the resulting end product is substantially bubble-free. 
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